The fate of 14C-labelled diquat and paraquat after oral and subcutaneous administration of single doses has been studied in the rat. By both routes of administration the radioactivity usually appears in the excreta within two days. In a few cases a small amount is excreted in the urine on the third day or in faeces on the fourth day. After an oral dose of paraquat no radioactivity could be detected in bile, and with diquat less than 5% of the dose appeared in bile within 24 hours. Both diquat and paraquat are poorly absorbed from the gut, and after subcutaneous administration little or none appears in faeces.
The fate of 14C-labelled diquat and paraquat after oral and subcutaneous administration of single doses has been studied in the rat. By both routes of administration the radioactivity usually appears in the excreta within two days. In a few cases a small amount is excreted in the urine on the third day or in faeces on the fourth day. After an oral dose of paraquat no radioactivity could be detected in bile, and with diquat less than 5% of the dose appeared in bile within 24 hours. Both diquat and paraquat are poorly absorbed from the gut, and after subcutaneous administration little or none appears in faeces.
By comparison of the measurements of radioactivity with a specific chemical test for diquat and paraquat, the presence of a small amount of metabolites in the urine after oral dosing has been detected. As no such metabolism has been observed after subcutaneous administration it seems probable that there is some absorption of degradation products formed within the gut. It has been shown that about 70% of an oral dose of diquat and about 30% of a dose of paraquat is present in faeces as metabolic products. In vitro experiments have shown that this is probably due to microbiological degradation in the gut.
Diquat and paraquat are bipyridilium compounds which have been developed as herbicides and desiccants under the trade names 'Reglone' and 'Gramoxone' respectively (Calderbank and Crowdy, I962 Table I , which were purchased from A. Tuck Ltd., the rats were from the Alderley Park SPF colony. The rats were dosed with aqueous solutions of the labelled diquat or paraquat salts by gastric intubation or by subcutaneous injection; none of the doses exceeded the LD50 value and they were not attended by obvious toxic effects. The dosing solutions were assayed by the radiochemical and chemical methods described below. The dosed rats were placed in individual metabolism cages fitted with urine and faeces collectors (Gage, I96I), cooled with solid carbon dioxide, and protected from light. These precautions were necessary as otherwise chemical analysis revealed a progressive loss of diquat and paraquat from the urine, due presumably to bacterial degradation.
For the collection of bile a fine polythene cannula was inserted into the bile duct under sodium pentobarbital (Nembutal, Abbot) anaesthesia. Rats were maintained in a restraining cage for 24 hours and provided with drinking-water containing isotonic saline and I % glucose.
Analysis of Urine Urine was rapidly thawed, washed from the separator, and diluted to 50 ml. with water. After the addition of I2-5 ml. 25% trichloroacetic acid the solution was centrifuged; the precipitate was re-suspended in 6 ml. 5% For the determination of the extent of metabolism in the faeces, the homogenate, after samples had been taken for radioactivity measurements, was precipitated by the addition of trichloroacetic acid to give a final concentration of 5% w/v. The suspension was centrifuged, the precipitate was washed twice with 5% trichloroacetic acid, and the supernatant and washings were mixed. The solution was then analysed colorimetrically for diquat or paraquat by the methods described above for urine. By the analysis of a homogenate of normal faeces to which had been added known amounts of diquat or paraquat it was shown that this procedure gave satisfactory recoveries. The mixture obtained after the in vitro incubation of diquat and paraquat with faecal homogenates was analysed in a similar manner.
Results and Discussion
The results in Table I show that in most experiments the radioactivity of [14C] diquat and paraquat, administered as a single oral dose, appeared in the excreta within two days. Occasionally some was found on the third day and, when the excretion of faeces was delayed, on the fourth group.bmj.com on October 28, 2017 -Published by http://oem.bmj.com/ Downloaded from -day also. The percentage of the dose appearing in the urine seems to depend on the strain of rat used; in the first part of Table I the urinary excretion did not exceed i i%, whereas in the second part of this Table and in Table II double this figure was reached. With both diquat and paraquat the bulk of an oral dose was found in the faeces, whereas after a subcutaneous dose most was in the urine and little or none in the faeces. This, together with the absence of any marked biliary excretion (Table III) , is strong evidence that diquat and paraquat are poorly absorbed from the gut, and can account for the difference which has been observed between their oral and parenteral toxicities. The poor absorption of diquat and paraquat is in line with the observations of Schanker, Tocco, Brodie, and Hogben (I958) that the cations of strong bases are very slowly absorbed from rat small intestine. As might be expected, the results in Tables I and II give no indication that the nature of the anion influences absorption and excretion. Table II shows that the percentage excretion of an oral dose in the urine calculated from a chemical analysis was slightly lower than that obtained from radioactivity measurements; the differences are significant and indicate that a proportion of the dose appeared in the urine in a form other than diquat or paraquat, though there is insufficient information to calculate the confidence limits of these differences. It does not necessarily follow from this that there was some metabolism of absorbed diquat and paraquat, since after subcutaneous dosing an analysis of the urine by the colorimetric and radioactivity methods gave results which agree closely (Table IV) . It is more likely that after oral dosing there was some systemic absorption of the degradation products which were produced in the gut. A comparison of the colorimetric and radioactivity determinations on faeces shown in Table V 
